Background: Postoperative pain from open reduction and internal fixation of mandibular fracture is a serious issue. Amantadine is an N-methyl-D-aspartic acid or N-methyl-D-aspartate (NMDA) receptor antagonist that can be effective against postoperative pain.
Background
Current evidence shows that inadequate management of acute pain can have lasting effects. Brief harmful stimulation and frank injury may have strong effects on the central nervous system, extending the injury. Intraoperative and postoperative pain cause the firing of nerve impulses entering the spinal cord. Prolonged postoperative pain is a consequence of the release of excitatory amino acids and neuropeptides from small-diameter afferent C-fibers in spinal dorsal horn neurons, which induce a state of hyperexcitability. This situation, "pain memory," is referred to as central sensitization and may contribute to persistent pain (1) (2) (3) .
Modern concepts of postoperative pain therapy focus on influencing specific pain receptors via a multimodal pharmacologic intervention by receptor modulation before the pain stimulus develops. One solution for acute postoperative pain is utilizing compounds pre-emptively, alleviating pain by reducing sensitivity and lowering the chance of acute postoperative pain becoming chronic pain. Previous studies have investigated the effectiveness of different medications, such as gabapentinoids, in controlling acute postoperative pain, including after major operations. Some authors have suggested that administering these compounds preemptively could considerably reduce pain intensity after an operation, and could lower the required dose of opioids. However, some studies point out that these agents lack sufficient efficacy after major operations, with their effects limited to minor operations (4) (5) (6) .
The N-methyl-D-aspartate (NMDA) receptor plays an important role in the process of central sensitization. Renewed sensitization is related to the role of NMDA receptors in central sensitization, and in opioid-induced hyper-algesia and acute opioid tolerance (7, 8) . Thus, excitatory amino acids such as NMDA have provoked interest in receptor antagonists for clinical use (1, 9, 10) .
Dextromethorphan and ketamine have been studied discriminately against clinically available substances that antagonize the NMDA receptor-ion channel complex (11) (12) (13) , such as amantadine (1-aminoadamantane). Amantadine has been clinically used for more than 30 years as an antiviral drug, for dementia, and in the treatment of Parkinson's disease and spasticity. It is a non-competitive NMDA receptor antagonist (14, 15) , and compared to ketamine, it is welltolerated with fewer side effects (mainly dizziness, sedation, and dry mouth). For these reasons, we chose amantadine for use in this study.
Amantadine's formulation permits the oral route for drug delivery, as well as the IV route. The side-effects profile of amantadine via all routes seems not to be harmful in appropriate dosages. IV-administered amantadine in two clinical reports showed less chronic neuropathic pain and decreased neuropathic pain in cancer patients compared to a control group (16, 17) . Thus, amantadine may be useful for analgesia by preventing acute opioid-induced hyperalgesia and postsurgical central sensitization tolerance.
The present study examines whether the advantages of NMDA receptor inhibition described for neuropathic pain can be transferred to surgical patients. This double-blind, randomized, clinical trial study investigated the opioidsparing and postoperative analgesic effects of amantadine given orally during the preoperative period in patients undergoing mandibular fracture surgery.
Objectives
The aim of this study was to evaluate the effects of 100 mg of oral amantadine, administered before mandibular fracture surgery, on pain intensity measured with a visual analog scale (VAS).
Patients and Methods
The steps of the current study were designed and performed based on the consolidated standards of reporting trials (CONSORT) guidelines. Approval was obtained from the local ethics committee. Patients who did not respond to the invitation or who declined to participate were not assessed. After excluding other participants who were not eligible for the study, 60 adult patients of both genders and in different age groups (20 -60 years) with an ASA physical status of 1 -2, who were undergoing open reduction and internal fixation (ORIF) of a recent mandibular unilateral body fracture, were enrolled. There was homogenous disease severity and disease duration in this placebo-controlled study. All operations were performed by the same surgeon, and the patients were extubated at the end of the operation. We used simple randomization to allocate subjects to each group due to homogenous disease severity. Randomization based on a single sequence of random assignments was performed using computergenerated random numbers.
Written informed consent was obtained from each participant in accordance with the code of ethics of the world medical association (declaration of Helsinki) for experiments involving humans. To avoid bias, subject allocation was concealed to the two groups. The exclusion criteria were preoperative opioid use or dependency, peptic ulcer disease, hepatic or renal dysfunction, psychological disease, allergy to amide local anesthetics and narcotics, epileptic seizure, closed-angle glaucoma, chronic heart failure, a drop in blood pressure upon standing, kidney disease, eczema, visible water retention, a malignant pigmented mole or tumor, mental disorder with loss of normal personality and reality, mental disturbance, suicidal thoughts, and alcoholism. No subjects in either arm of the study dropped out due to lack of benefit. Patients in group I (the amantadine group) received a 100 mg dose of amantadine (Ammorel® 100 mg capsules) one hour before surgery. The control patients in group II took placebo capsules (red gelatin capsules filled with lactose powder) one hour before surgery. The study was double-blinded, so that all patients and personnel involved in patient care, data collection, scoring, and entry were unaware of the group to which each patient had been assigned.
All patients were given general anesthesia after the establishment of mandatory monitoring (pulse oximetry, electrocardiography, and noninvasive blood pressure monitoring [HEYER medical AG Pasithec]). The same general anesthetic technique was used for all patients. After pre-oxygenation with 100% O 2 , the patients received fentanyl 1 µg/kg (50 mcg/mL Mylan S.A.S., Haupt Pharma Livron, France), midazolam 0.04 mg/kg (5 mg/mL amp, Aburaihan Pharmaceutical Co., Tehran, Iran), propofol 2 mg/kg (propofol-Lipuro® 200 mg/20 mL vial), and cisatracurium besylate 0.5 mg/kg (2 mg/mL, 5 mL amp). All patients were intubated, and 0.1 mg/kg/min of IV propofol was used for the maintenance of anesthesia.
Postoperative pain management was performed with analgesic drugs if needed, and the duration of analgesia was recorded. All patients received a bolus dose of morphine sulfate (10 mg/mL amp, Darou Pakhsh, Iran) at a dose of 0.02 mg/kg body weight, to a maximum of 1.5 mg, through a PCA pump (BioMedix Medical). The PCA pumps were set at 6 minutes lockout intervals at a maximum dose of 0.15 mg/kg/h, to a maximum of 10 mg/h. The VAS was used to estimate the patients' degree of pain at 0, 2, 4, 6, 12, and 24 hours, and then at 1, 2, 3, 4, 5, and 6 months after surgery. The application of the VAS was explained to the patients before the operation. If necessary, pain management at 1, 2, 3, 4, 5, and 6 months after surgery was achieved with the analgesic ibuprofen 400 mg (Gelofen® 400 mg pearl, Dana Corporation). The patients were instructed to take the ibuprofen when they felt it was necessary, with a maximum dose of 3.2 g per day, split into four doses. The pittsburgh sleep quality index (PSQT) was used to measure sleep quality.
The demographic data were analyzed using SPSS version 21 for statistical analysis. For comparison of groups, the independent t-test was used for comparison of quantitative demographic data, VAS scores between the study groups, and the amount of analgesic drugs administrated. The chi-square test was used for comparison of qualitative demographic data. The sample size was calculated based on studies with similar methodologies. Based on the results of Alimian et al. (6), we used the mean and standard deviation of VAS scores during recovery time (mean 6.6 ± 1.5 vs. 5.1) to calculate the sample size. According to the CONSORT flowchart, we considered the type I error rate to be alpha = 0.05 and the type II error rate to be beta = 0.05. The calculated sample size was 52 (26 per group). Then, according to the CONSORT flowchart, we added 15% to the result to compensate for possible dropouts, and the required sample size was finally calculated to be 60 (30 per group) (6) . The patients' VAS and PSQT scores were assessed by the physician on duty. P values of < 0.05 were considered statistically significant.
Results
In this study, 60 patients were evaluated, and the blinding process was successful. The data on demographics, vomiting and nausea, sleep quality, blood pressure, and heart rate are presented in Table 1 . There were no significant differences between the two groups with respect to age, gender, nausea and vomiting, sleep quality, blood pressure, and heart rate. The length of surgery also did not differ significantly between the case and control groups (42.8 -47.6 and 41.9 -47.4 minutes, respectively; 95% CI for the mean, P = 0.7).
VAS scores at 0, 2, 4, 6, 12, and 24 hours and at 1, 2, 3, 4, 5, and 6 months after surgery are presented in Table 2 and Figure 1 . No significant differences were observed between the two groups at all time-points except for 4 hours after surgery.
The duration and type of analgesia used for pain control in the first 24 hours and at 6 months after surgery are presented in Table 3 and Figure 2 . There were no significant differences between the two groups with respect to duration and type of analgesia used for pain control in first 24 hours and at 6 months after surgery.
Discussion
The present study examined whether the preemptive use of an NMDA receptor inhibitor can be effective in relieving chronic and acute postoperative pain in patients undergoing ORIF for posttraumatic mandibular fractures. There are several NMDA receptor antagonists available, such as amantadine, methadone, ketamine, and dextromethorphan (18) , with different levels of activity against the NMDA receptor. Ketamine is a strong NMDA antagonist, while the others are weaker NMDA receptor blockers (19) . Affinity for the NMDA receptor determines the frequency and severity of side effects. The adverse effects of NMDA antagonists in adults are mainly central nervous system (CNS) side effects, including lightheadedness, hal- 
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No statistically significant differences were noted at all time-points except at 4 hours after surgery. lucinations, dizziness, headache, fatigue, nightmares, sensory changes, and an out-of-body sensation. Ketamine is a strong NMDA antagonist that is less tolerable than the others due to a higher incidence of side effects, in particular hallucinations and a dissociative mental state (20) . Amantadine in comparison to ketamine is well-tolerated, with a lower rate of side effects (mainly dizziness, sedation, and dry mouth). For these reasons, we used amantadine in this study. No statistically significant differences were noted at all time-points.
trial was conducted on 15 cancer patients with surgical neuropathic pain (17) . One week apart from each other, in a randomized order, the patients received a 200 mg infusion of placebo or amantadine. During and after treatment, evoked and spontaneous pain was measured and compared to 48 hours before. On average, there was an 85% pain reduction with amantadine versus a 45% reduction with the placebo at the end of the infusion (P = 0.009) (17) . However, our study focused on acute postoperative pain, which might differ from other pain states, such as inflammatory or neuropathic pain. Also, in 2006, Aoki et al. reported preemptive analgesic effects of noncompetitive NMDA antagonists in patients undergoing tonsillectomy (21) . In contrast to our study, in which preexisting pain could affect the success of preemptive analgesic interventions, Aoki et al.'s patients did not suffer from preexisting pain. Chau-In et al. reported a weaker, though still measurable, effect in a clinical trial compared with low-dose non-competitive NMDA antagonists (22) . Chau-In et al. used stronger NMDA receptor antagonists in comparison to amantadine, which has relatively decreased NMDA-receptor-blocking potency (22) . The effects of perioperative oral amantadine on analgesic consumption and postoperative pain in patients undergoing radical prostatectomy were evaluated by Snijdelaar et al. Less intense mechanical sensitivity around the surgical wound, a reduced incidence of bladder spasm pain, and lower postoperative morphine requirements were associated with perioperative oral amantadine (23) . However, in our study, the sparing effects of amantadine may have been offset in the study group due to increased opioid requirements in younger versus older patients, whereas in the studies by Snijdelaar et al. (23) and Gagliese et al. (24) , age diversity was much less significant.
Fukui et al. performed an amantadine study on 19 patients who had failed to respond to conventional treatments for neuropathic pain, including antidepressants, anticonvulsants, and nerve blocks. The patients took oral amantadine 100 mg/day for one week, then titrated to 200 mg/day. The results were positive in only two of the 19 patients (10.5%). Adverse effects, including dry mouth, hallucinations, drowsiness, irritation, excitation, dizziness, dyskinesia, and loss of hair, were experienced in 52.6% of the patients (25) ; these results are in line with our study. The previous study focused on neuropathic pain, whereas our study investigated acute postoperative pain. The results of that study are in contrast with Eisenberg et al., who also investigated neuropathic pain, using the IV route inAnesth Pain Med. 2016; 6(3):e35900. 5 stead of the oral route, which can explain the difference in results (17) . In a review by Azari et al. based on eligible studies, no improved postoperative analgesic effects were demonstrated in a comparable setting (26) . Elia et al. obtained the same results in a systematic review, finding no preemptive analgesic effect with non-competitive NMDA antagonists (27) , which are both in line with our study. Despite investigating stronger NMDA antagonists, these studies demonstrate the unclear effectiveness of preoperative administration of NMDA antagonists. A large variety of different ketamine regimens and surgical settings were included in these systematic reviews, which makes the results of our study incompatible for a comparison. Gottschalk et al. also showed that in women undergoing abdominal hysterectomy, a single dose of 200 mg amantadine intravenously administered 30 minutes before induction of general anesthesia resulted in no postoperative opioid-sparing effect (28) . However, that study used a smaller power to investigate the effect of amantadine in comparison to ours. The current placebo-controlled study failed to show improved analgesia when the NMDA-receptor antagonist (oral amantadine) was administered before surgery in patients undergoing ORIF for mandibular fractures. Although several studies have suggested analgesic effects of amantadine in neuropathic pain, acute postoperative pain might differ from other pain states, such as inflammatory or neuropathic pain. Our results are in line with data obtained by other investigators, who also could find no improvement in postoperative analgesia by the preadministration of noncompetitive NMDA antagonists (26, (29) (30) (31) .
Several factors may lead to this diversity of results. For example, preexisting pain can affect the success of preemptive analgesic interventions (32) . In addition, some papers have suggested that visceral pain might not be responsive to the concept of early (i.e. before tissue injury) NMDA receptor inhibition (33) . Also, mixed results are shown in clinical trials. With few exceptions, little has been published describing the use of amantadine for its analgesic properties (23, 29, 34) , and these publications relate to the treatment of chronic neuropathic pain rather than acute postoperative pain (25, 34, 35) . However, the sparing effects of amantadine may have been offset in the amantadine group because of increased opioid requirements in younger versus older patients; the amantadine patients were younger than the patients in the control group (24, 36) , leading to the absence of a difference in outcome between the two groups. In addition, the amantadine group had significantly more intense preoperative pain on the day of the operation than did the patients in the control group, and increased preoperative pain intensity could mask the effects of amantadine. Perhaps because central sensitization is established before surgery, the efficacy of amantadine may be reduced in much the same way that presurgical pain has been found to be less responsive to preoperative treatment with analgesics (32) .
In addition, various other factors, such as wound infiltration with local anesthetics and the intraoperative administration of opioids and NSAIDs, influenced the results of the previous studies and the present one that investigated the analgesic effects of NMDA receptor blockade.
Multiple doses versus a single dose might assist in the prevention and therapy of postoperative pain by greater NMDA receptor blockade, and further explanations of the ineffectiveness of amantadine treatment in this study are required.
One of the limitations of this study was that higher doses of amantadine and the IV administration of the drug were not evaluated. In comparison to other NMDA receptor antagonists, such as ketamine, the relatively decreased potency of amantadine in NMDA receptor blocking suggests that a larger dose of amantadine would be required and that it must be continued after surgery to obtain significant effects.
In conclusion, a single dose of amantadine 100 mg preoperatively did not significantly reduce postoperative pain or opioid usage compared to the placebo group. Further studies on noncompetitive NMDA antagonists with more intense affinity for the specific receptor, or a larger dose or earlier application of the drug, are needed. NMDA receptor antagonists with few side effects, such as amantadine, that can be used in the clinical setting of fast-tracking general anesthesia and that might be effective at reducing analgesic requirements and postoperative pain intensity, are yet to be identified.
